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ABSTRACT

Using a 3-D model for thermal infrared exitance and the

Lowtran 7 atmospheric radiative transfer model, we compute

the variation in brightness temperature with view direction

and, in particular, the canopy thermal hot spot. We then

perform a sensitivity analysis of surface energy balance

components for a nominal case using a simple SVAT model

given the uncertainty in canopy temperature arising from the
thermal hot spot effect. Canopy thermal hot spot variations of

two degrees C lead to differences of plus or minus 24% in the
midday available energy.

INTRODUCTION

The use of remote sensing to improve estimates of sensible

and latent heat and other components of the surface energy

balance offers many practical applications for agriculture and
resource management. Many Soil Vegetation Atmosphere

Transfer (SVAT) models are partly driven by satellite

observations or are calibrated using such measurements.

Several researchers now employ data assimilation methods

using combined ground and satellite observations [1].

All of these methods rely on accurate estimates of satellite-

derived surface temperature, and much attention has been
given to atmospheric correction methods, use of Normalized

Difference Vegetation Index (NDVI) versus Temperature (T)

relationships for refinement in sparse canopies," and

determination of optimum look angles considering simple

directional anisotropy effects. In this paper, we look at a
new, relatively unexplored aspect: the canopy thermal hot

spot [2,3]. Lagouarde, et al. illustrate hot spot variations in

the solar principal of 2 deg C for a pine canopy as measured

from an aircraft platform. Balick and Hutchinson report

tower results from a leafless deciduous canopy exhibiting

Support was provided by the NASA Earth Observing-I
Mission Instrument Performance Evaluation and Data

Validation Program and, in part, by the U.S. Army Engineer

Research and Development Center, Modeling and Simulation
Initiative.

strong thermal differences between the canopy over and

under story and the litter background. Strong asymmetric

heating of tree trunks was evident with angular variations of 3

to 5 deg C.

We perform a theoretical calculation of the canopy thermal

hot spot in the solar principal plane for a vegetation canopy

using a three-dimensional thermal infrared exitance model we

previously have developed and compared with measurements

[4]. We estimate additional uncertainty induced by
atmospheric directional variations using Lowtran 7 [5].

Finally, we compute resulting uncertainties for various

components of the surface energy balance for a nominal case.

Further examples will be given during the presentation.

METHOD

We simulated a fairly continuous canopy 20 m by 20 m on a
side with a Leaf Area Index of 3.0. The test scene contained

388,800 leaf facets randomly selected from a spherical leaf

angle distribution. Leaf facet size was 5 cm by 5 cm. The

canopy was 0.8 meters tall, and we selected a view point 10

meters above the canopy. Given this geometry, the total field

of view of the canopy was 70 degrees, i. e. plus or minus 35
degrees from zenith.

Table 1. Scene geometry and meteorological parameters

Meteorological Vegetation

Wind speed (4 m st)

Relative humidity (55%)

Short-wave flux (915 W m")

Air temperature (27.5 C)

Height (0.8m),

LAI (3.0)

Spherical Leaf Angle

Area of 20 m x 20 m
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Fig. 2 Difference in brightness temperature with zenith view

angle and nadir along the solar principal plane.
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ABSTRACT

Using a 3-D model for thermal infrared exitance and the
Lowtran 7 atmospheric radiative transfer model, we compute

the variation in brightness temperature with view direction

and, in particular, the canopy thermal hot spot. We then

perform a sensitivity analysis of surface energy balance

components for a nominal case using a simple SVAT model

given the uncertainty in canopy temperature arising from the
thermal hot spot effect. Canopy thermal hot spot variations of

two degrees C lead to differences of plus or minus 24% in the

midday available energy.

INTRODUCTION

The use of remote sensing to improve estimates of sensible

and latent heat and other components of the surface energy

balance offers many practical applications for agriculture and

resource management. Many Soil Vegetation Atmosphere
Transfer (SVAT) models are partly driven by satellite

observations or are calibrated using such measurements.

Several researchers now employ data assimilation methods

using combined ground and satellite observations [1].

All of these methods rely on accurate estimates of satellite-
derived surface temperature, and much attention has been

given to atmospheric correction methods, use of Normalized
Difference Vegetation Index (NDVI) versus Temperature (T)

relationships for refinement in sparse canopies, and
determination of optimum look angles considering simple

directional anisotropy effects. In this paper, we look at a

new, relatively unexplored aspect: the canopy thermal hot

spot [2,3]. Lagouarde, et al. illustrate hot spot variations in

the solar principal of 2 deg C for a pine canopy as measured

from an aircraft platform. Balick and Hutchinson report
tower results from a leafless deciduous canopy exhibiting

strong thermal differences between the canopy over and

under story and the litter background. Strong asymmetric

heating of tree trunks was evident with angular variations of 3

to 5 deg C.

We perform a theoretical calculation of the canopy thermal

hot spot in the solar principal plane for a vegetation canopy
using a three-dimensional thermal infrared exitance model we

previously have developed and compared with measurements
[4]. We estimate additional uncertainty induced by

atmospheric directional variations using Lowtran 7 [5].

Finally, we compute resulting uncertainties for various
components of the surface energy balance for a nominal case.

Further examples will be given during the presentation.

METHOD

We simulated a fairly continuous canopy 20 m by 20 m on a
side with a Leaf Area Index of 3.0. The test scene contained

388,800 leaf facets randomly selected from a spherical leaf

angle distribution. Leaf facet size was 5 cm by 5 cm. The

canopy was 0.8 meters tall, and we selected a view point 10

meters above the canopy. Given this geometry, the total field

of view of the canopy was 70 degrees, i. e. plus or minus 35

degrees from zenith.

Table 1. Scene geometry and meteorological parameters

Meteorological Vegetation

Wind speed (4 m s-t)

Relative humidity (55%)

Height (0.8m),

LAI (3.0)
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Short-wave flux (915 W m -2)

Air temperature (27.5 C)

Spherical Leaf Angle

Area of 20 m x 20 m



Weselectedmeteorologicalconditions,shownin Table1,
correspondingtolatemorningwithasolarzenithangleof24
degreesand solar azimuthof 146degrees,measured
clockwisefromNorth.Fig.1showsa visualsimulationof
thesceneusingahemisphericalprojectionoutto35degrees.
Thesolarprincipalplaneliesalongthediagonallinewith
nadirindicatedbythecenterdot. Thesolarreflectivehot
spotcanbeseenin theupperleftpositionalongtheprincipal
plane.Sunpositionisinthelowerright.

Asoutlinedin [4],wefirstuseraytracingtodeterminethe
sunlitandshadedleafsurfaceswithinthecanopyandthen
solvetheresultingenergybudgetequationstodeterminethe
correspondingleaftemperatures.Sunlittemperaturesranged
from24to 32degC withwarmertemperaturesoccurring
morefrequently.Shadedleaftemperaturewas26.5degC.

Subsequently,wepositionedaviewer10mabovethecanopy
andprojected70,000raystowardsthecanopyalongthesolar
principalplane.Theraysweredistributedplusorminus35
degreesfromzenithinequalangleincrements,.001deg.For
eachraywecomputedthethermalinfraredexitanceprojected
intothefield-of-view.Wethenaveragedthedatato one
degreebinsby summingthecontributionsfrom1000rays
withineachonedegreebin.

RESULTS

In orderto reducesmall-scalevariationsin theray-traced
results,wesubsequentlyapplieda movingaveragefilter to
thedatawith5degwidth.FollowingLagouarde,etal.[2],we
convertedthedatato apparentbrightnesstemperatureand
plotthedifferencesbetweenoff-nadirandnadirdirections.
TheresultsareshowninFig.2.

Thecanopyhotspoteffectisclearlyevident.Weobtainover
a 2 degC peakcorrespondingto thezenithviewangle24
degreesin theanti-solardirection.Thewidthofthecanopy
hot spotis significantandlikely diagnosticof canopy
geometry,butwehavenotyetexploredthisaspect.

Forcomparison,weperformedasimpleexperimentoveran
unmowedlawncanopyusinganOmegaScope2000A(8-14
micrometer)thermalinfraredsensor.Solarzenithanglewas
45 degrees.Measurementsin thesolarprincipalplane
indicateda canopythermalhotspotof nearly4 degC
variationbetweenthesolarandanti-solarazimuths.

AnalysiswithLowtran[5] correspondingtotheconditions
correspondingto oursimulationyieldedresultssimilarto
Lagouarde[2]. Forzenithviewanglesupto 25degreesan
additionaluncertaintyof 0.5 deg C are inducedby
atmosphericeffects.

Finally,usingtheapproachoutlinedbyKustas,etal. [6]and
ourSVATmodeldescribedin [4],weobtainuncertaintiesin
the middayavailableenergyof plus or minus 24%
correspondingto a2 degC variationin estimatedsurface
temperaturefortheconditionsdescribedinTable1.

CONCLUSIONS

Wehaveillustratedtheuseof a three-dimensionalcanopy
thermalinfraredexitancemodelto computetheat-surface
canopythermalhotspotvariation.Resultingcomputed
surfacekinetictemperaturescanbeusedin atmospheric
radiativetransfercodestoestimatetheat-sensorvariationin
canopytemperature.

Nexttheuncertaintyarisingfromthecanopythermalhotspot
variationwasused,togetherwitha simpleSVATmodel,to
indicatetheresultingvariationinsurfaceenergybalancefora
nominalcase.

Onlyillustrativecalculationsaregivenin thisshortpaper.A
potentiallimitationinthepresentstudywasouromissionof
multiplescatteringfor thethermalinfraredflux [7]. We
expectthiseffecttobesmallforthecasesimulatedbutneed
torepeatouranalysesexplicitlyincludingit. Ourraytracing
codereadilyaccommodatesmultiplescatteringbutrequires
moreprocessingtime.

Fig.1 Simulatedvisualimageof thetestscene.Thesolar
principalplaneis indicatedbythediagonallineandnadirby
thecenterdot.
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Fig. 2 Difference in brightness temperature with zenith view

angle and nadir along the solar principal plane.


